Abstract. The purpose of this research is to provide medical clinicians with a new technology for interpreting large and diverse datasets to expedite critical care decision-making in the ICU. We refer to this technology as the medical information visualization assistant (MIVA). MIVA delivers multivariate biometric (bedside) data via a visualization display by transforming and organizing it into temporal resolutions that can provide contextual knowledge to clinicians. The result is a spatial organization of multiple datasets that allows rapid analysis and interpretation of trends. Findings from the usability study of the MIVA static prototype and heuristic inspection of the dynamic prototype suggest that using MIVA can yield faster and more accurate results. Furthermore, comments from the majority of the experimental group and the heuristic inspectors indicate that MIVA can facilitate clinical task flow in context-dependent health care settings.
Introduction
Healthcare is a risky business. Patients are at risk from disease and poor health habits, with interventions like medicine and surgery carrying the risk of adverse effects. The Institute of Medicine's report To Err is Human: Building a Safer Health System [1] highlighted the risk of adverse medical events in clinical settings, with patient deaths in U.S. hospitals annually exceeding 44,000, at a cost of $38 billion. In extreme instances lives have been lost due to poor software design. For example, between 1985 and 1987 the problematic design of the Therac-25 radiation system resulted in massive overdoses of radiation and at least five patient deaths [2] . An investigation into user error pointed at the interface design, which had a complex and misleading operator console. Ultimately, a lack of humancentered design and testing techniques resulted in poor design and a range of critical errors in the interaction routines.
The technologies and information systems needed by clinicians can produce adverse effects when they do not yield practical solutions during implementation. For example, systems that display large amounts of complex patient data can result in confusion when designed without knowledge of human-computer interaction (HCI) and usability principles. This body of knowledge includes human factors engineering, as well as a social science approach to human-centered design. Human-centered design employs cognitive psychology, anthropology, and sociology, as well as interface and interaction design, which take into consideration the specific medical device, the users, the development process, and the organization and context of use. Human-centered design in health information technology (HIT) can improve clinical care. For instance, it can address preventative medicine compliance issues in unusually complex health care environments, specifically with respect to the number of interactions between clinicians and data visualization systems [3] . Designing and implementing HIT is not about IT per se nor an isolated use of traditional usability or human factors engineering. Rather, as Zhang [4] argues, HIT design is a "human project about human-centered computing such as usability, workflow, organizational change, medical error, and process reengineering" (p. 1). In the past, too much of HCI and usability engineering has been a superficial enterprise of designing form (e.g., the graphic user interface) rather than context-centered interaction based on an in-depth analysis of cognition, task, symbol, and workflow. It is no wonder that HIT often hinders health care. Bernstam et al [3] point out that "there is evidence of significant, unintended and deleterious effects of well-meaning HIT efforts" (p. 1).
The intensive care unit (ICU) is a uniquely complex environment for which computing technology needs to be developed. The authors call for HIT based on novel design principles and practices. ICU clinical decisions are sometimes made with data from multiple sources, changing circumstances, and limited clinician knowledge. Such situations dictate quick adjustments in the planning of actions. In many cases, clinical error is the result of cognitive overload due to the inability of humans to adapt to excessive and complex physical, social, and cultural environments [5] . Horsky, Zhang, and Patel [5] note that a "lack of attention to the principles of human-computer interaction (HCI) in clinical software design is becoming a critical safety hazard" (p. 264). The authors concur that there is a need for a framework of human-centered design principles that are grounded in HCI theory specifically developed for clinical environments. Unfortunately, a health care culture still remains that accepts poorly designed systems. As Johnson, Johnson, and Zhang [6] and Horsky, Zhang, and Patel [5] all argue, clinicians should not tolerate such conditions. Rather, they should demand that health care technologies be designed to match user capabilities [6] .
The ICU is a setting where there can be an enormous flow of data. Patients can have significant organ system derangement, as well as limited physiological reserve. Therefore, optimal medical care requires close and concentrated monitoring of organ function, frequent multimodal diagnostic testing, and many consultations from subspecialty physicians. In this type of intensive critical care space, physicians may find it difficult to make rapid and accurate evaluations of a patient's condition. This is because there is an overwhelming volume of data generated from multiple sources on a moment-by-moment basis. Data streaming from medical devices include continuous automatic physiological monitoring and intermittently determined data that is gathered from various diagnostic testing devices. These are combined with traditional bedside paper reports. In addition to patient-generated data, there are vast arrays of clinical data generated that document the patient's treatments, including drug, respiratory, and physical therapy, surgical procedures, and many other clinical interventions [7] .
Clinical decisions pertaining to the care of patients are best made when physicians can easily organize and understand the vast flood of data from these various sources. Unfortunately, physicians and other critical care providers have to retrieve this data from various locations and organize it into a cohesive profile of the patient's current condition. Furthermore, the data that is retrieved from these diverse sources is usually presented in a
